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The greater amount of knowledge accumulated
regarding the physiology and biochemistry of
pathogenic bacteria and yeasts compared with
the filamentous dermatophytic fungi is due, no
doubt in part, to the technical difficulties en-
countered in preparing uniform aliquots of this
latter group of organisms, particularly for respiro-
metric studies in the Warburg apparatus. The
use of surface-grown mats (1, 2), cut into strips
or discs is open to a number of criticisms: (a)
lack of homogeneity of age and thickness within
individual strips or discs; (b) difficulty of diffusion
of gases and substrates to the interior of the
mat; (c) presence of large numbers of spores;
(d) length of time necessary for these cultures to
attain sufficient growth for harvesting; (e) tedi-
ousness of removing each strip from the reaction
vessel for determination of dry weight or protein
nitrogen; and (f) the invariable loss of some of
the material during this latter procedure. Aerated
or shaken cultures have the disadvantages of
generally resulting in pellets of varying sizes
which defy pipetting and also, above some criti-
cal size, present a barrier to diffusion to and from
the interior. This may result in a predominantly
anaerobic metabolism within the center of the
pellets (3). The use of germinated conidia, while
yielding a uniform preparation, requires rela-
tively large volumes of inocula, particularly for
slowly metabolizing organisms, and necessitates
using the cultures within a rather narrow time
limit, e.g., after germination has occurred but
before entanglement of germ tubes with resultant
pellet formation.
The following is a description of a method
which we have used with certain dermatophytes
to obtain suspensions of intact mycelia which
were easily pipetted and obviated the need for
dry weight and/or protein nitrogen determina-
tions of each aliquot, besides resulting in well-
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dispersed hyphae presenting a maximum surface
area for diffusion.
MATERIALS AND METnODS
The organisms used were Microsporum gypseum,
Micros porum canis, and Trichophyton men/a gro-
phytes, obtained from Dr. N. F. Conant at the
Duke Medical Center. A fragment of mycelial
mat or 1.0 ml. spore suspension from a slant cul-
ture of each was inoculated into 200 ml. Sa-
bouraud's broth in a 500 ml. Erlenmeyer flask and
placed on a reciprocating shaker (Arthur II.
Thomas Co.) at 100 cycles per minute with a 3.5
cm. stroke. At 3—5 days the medium was removed
by centrifugation at 650 X g for 5 minutes, the
pellets washed twice with water or buffer, and
finally suspended in water or buffer so that the
mycelium from one flask was contained in a total
volume of 100 ml. This was then transferred to a
Waring blendor with standard 1000 ml. container
or with the micro container which can effectively
handle volumes as small as 25 ml. When using the
standard 1000 ml. cup with larger rotor blades, a
blending time of 30—40 seconds was adequate to
produce the desired degree of homogeneity. With
the micro container, about 45 seconds was neces-
sary. The ability of the suspension to pass through
a 1.0 ml. Kimax volumetric pipette without clog-
ging it was considered a good criterion for com-
plete disruption of the pellets. This generally
corresponded to a uniform suspension without
clumps. Packed mycelial volume, determined by
centrifuging an aliquot in a Hopkins tube for 20
minutes at 650 X g, showed the cells to occupy
5.0—6.5% of the total volume, depending upon the
particular organism and age of the culture. Dry
weights of replicate aliquots (blended in water)
were determined in tared beakers after drying 24
hours at 75° C. An operational test of the homo-
geneity of each suspension was done by deter-
mining the endogenous oxygen uptake in the
standard Warburg apparatus at 30° C. using ves-
sels of approximately 15 ml. capacity.
RESULTS
Figure 1 is a representative photomicrograph
of a loopful of hyphal suspension (M. gypseum)
after treatment for forty seconds in the Waring
blendor with the 1000 ml. cup. Relatively long
hyphal elements were retained with no ap-
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FIG. 1. Photomicrograph of M. gypseum grown
in shaker culture and treated forty seconds in a
Waring blendor. Magnification = 150 X. This is
representative of the appearance of all suspensions
prepared.
parent mechanical rupture or disintegration.
Further evidence that the mycelium was physi-
ologically intact was obtained by homogenizing
fungus pellets in the presence of methylcnc
blue (3.3 x 10 M) and/or nicotinamide (0.01
M). In no case was the Qo2 (Mi 02 consumed/mg.
dry weight/hour) increased over that of control
homogenates, indicating no disruption of the
terminal respiratory system with substitution
of methylene blue as final hydrogen carrier,
and no destruction of DPN by DPNase.
Dry weight determinations of suspensions
of each of the three organisms in quadruplicate
gave the following average deviations from the
means: T. mentagrophytes, M. gypseum,
Ill. canis,
Representative results of functional tests of
suitability of these suspensions for metabolic
studies are shown in Table I. Besides the close
agreement on replicate determinations up to
five hours, the similarity of Qo2 values among
the different organisms and also the magnitude
of these values should be noted. In regard to
these magnitudes, the Qo2 of T. mentagrophytes
in distilled water was almost 2.5 times that
obtained by Nickerson and Chadwick (1) with
their isolate of that fungus at pH 8.0, reported
Hourly endogenous 02 uptakes of suspensions of
three speries of dermatophytes prepared by 30—45
seconds treatment in a Waring blendor
Time T. menlagrep/zytes(3.8 mg/mI)
H. gypseum I H. rants
(3.3 mg/mI) (2.8 mg/mi)
hr
1
2
3
4
5
l %
50±2
57±3
52±2
46±3
41±3
p1 %
38±4
37±4
42±4
50±5
54±4
pl %
40±5
42±1
41±1
43±1
41±3
Aver-
age
Qo,
6.5 6.3 7.5
Each gil value is an average of eight determina-
tions with an average per cent deviation from the
mean as indicated. Numbers in parentheses are
dry weights of mycelium for that particular ex-
periment determined in quadruplicate. Two ml
suspension used in each Warburg vessel. Suspend-
ing medium was distilled water; temperature,
30° C.
by them to be optimal for it, but was only
slightly higher than that obtained by Gale (2)
at pH 4.6. In both of those investigations mats
or discs of surface-grown mycelium were used.
Respiratory quotient measurements with
M. gypseum, using the direct method of Warburg
(4) with 0.067 M KH2PO4 at pH 4.5, showed
the RQ of endogenous respiration to remain
constant at 0.97 3% for six hours. This is in
contrast to certain other filamentous fungi
(5, 6, 7) in which the RQ has been found to be
compatible with fat oxidation (0.70).
Niekerson and Chadwick (1) showed that
only T. mentagrophytes, of all the organisms
tested, showed an increased oxygen uptake over
that of controls upon addition of dextrose, and
it occurred only at an alkaline pH. To determine
if our homogenized suspensions behaved simi-
larly, a four day old culture of this organism
was blended in 0.067 M phosphate buffer, pH
8.0. When glucose in a final concentration of
0.05 M was added to the cells in the Warburg,
there was no increased oxygen uptake over that
of controls in separate vessels. However, in
this buffer at pH 8.0, there was a 20% increase in
oxygen uptake in the second hour compared
with the first hour of measurement, with and
without glucose. (Figure 1 also shows an increase
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of 14% in endogenous oxygen uptake by this
organism during the second hour in distilled
water.) This tends to east some doubt on the
validity of the reported observation of the
above authors. Thus, if the oxygen uptake of
one fungus disc or strip were being measured,
serving as its own control for a period prior to
addition of a proposed oxidizable substrate, and
if this fungus behaved as T. mentagrophytes
did in this ease in alkaline buffer, an increased
oxygen uptake could be observed upon addition
of any substance which did not directly depress
the increasing oxygen uptake. No claim is made
that the particular isolates studied by Nickerson
and Chadwick (1) did not show a true increase
in Qo2 due to the added glucose, but by use of a
method such as is herein described, in which
virtually equal aliquots of hyphae are tested in
separate reaction vessels, one receiving a pro-
posed drug or substrate and one functioning as
control, discrimination can be made more
readily between real and apparent effects.
SUMMARY
A method is presented for preparing suspen-
sions suitable for metabolic studies of intact
hyphae from three species of dermatophytes.
The use of such suspensions obviates some of
the technical difficulties and possible sources of
error inherent in using strips or discs of mats of
surface-grown mycelia from stationary cultures.
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